Aim: In the current study, Porphyromonas gingivalis was identified in chronic periodontitis patients and healthy subjects by polymerase chain reaction (PCR) and its presence correlated with the severity of clinical periodontal parameters.
INTRODUCTION
Periodontitis is a significant global health concern and is probably the most common chronic infectious disease of humans. Chronic periodontitis is considered to be a site-specific disease. The clinical signs of chronic periodontitis-inflammation, pocket formation, attachment loss and bone loss-are believed to be caused by the direct, site-specific effects of subgingival plaque accumulation. As a result of this local effect, pocketing, attachment loss, and bone loss may occur on one surface of a tooth, while other surfaces maintain normal attachment levels. 1 The bacteria associated with periodontal disease have been studied since the advent of the science of microbiology. Leeuwenhoek 2 gave the first detailed description of subgingival plaque and revealed considerable diversity of bacterial plaque. It has been estimated that more than 700 bacterial species can be identified within the subgingival plaque. 3 Possibly, 10 to 30 species may play a more critical role in the pathogenesis of periodontal disease. 4 A marked qualitative and quantitative difference between periodontally healthy and periodontitis subjects has been demonstrated. 5 The predominating microorganisms isolated from the teeth and gingival sulcus of periodontally healthy individuals include mainly Gram-positive bacteria, facultative anaerobic bacteria, and rarely Gramnegative anaerobic rods. The Gram-negative anaerobic bacteria, on the contrary, are found to be predominant in the subgingival microflora with increasing severity
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JCDP of periodontal disease. 6 Among these Gram-negative bacteria, P. gingivalis, Tannerella forsythia, and Treponema denticola have been designated as the red complex. These red complex species are significantly predominant in the periodontal pocket and associated with periodontal disease progression. Porphyromonas gingivalis is one of the main bacterial pathogens involved in the initiation and progression of periodontitis. It has been strongly implicated in the etiology of chronic periodontitis. 7 It is a Gram-negative, obligatory anaerobic, nonmotile, asaccharolytic, and black-pigmented coccobacillus. 8 Detecting the presence of major periodontal pathogens, such as P. gingivalis can indicate future risk of the disease, the level of aggression, and type of treatment required. A variety of methods have been developed and applied for identification and isolation of such bacteria. Bacterial culture is frequently regarded as the "gold standard." However, culture-based techniques suffer the limitation that they are time-consuming and laborious, and the sensitivity of culture methods is low. This is due to the extremely slow growth or very specific growth requirements of some oral pathogens. Several alternative methods have been developed for the detection of such bacteria, such as immunoassays, DNA probe assays, and PCR assays. 9 The PCR has a higher sensitivity and specificity as compared with bacterial culture in detection of such bacteria. In recent years, there has been great interest in PCRbased tests which use the bacterial small subunit 16S ribosomal ribonucleic acid (rRNA) [16S recombinant DNA (rDNA)] for the detection of bacterial pathogens. Molecular analysis based on PCR of 16S rRNA (16S rDNA) gene is revolutionizing the study of the composition of the subgingival microflora by revealing the true extent of the bacterial communities present, free of the biases of culture. 10 Thus, the present study aims at detecting P. gingivalis in subjects with chronic periodontitis exhibiting different levels of destruction using PCR-based assay and evaluating its correlation with clinical periodontal parameters.
MATERIALS AND METHODS
The present study was aimed to compare the detection frequency of P. gingivalis in chronic periodontitis patients with periodontally healthy subjects using PCR and also correlate its presence with the severity of clinical periodontal parameters assess PPD, clinical attachment level (CAL), and GI. This cross-sectional study was carried out at single center in collaboration with the National Environmental Engineering Research Institute, Nagpur, India. The sample size of 40 human subjects comprising of both sexes was selected from the outpatient section. All the subjects included in the study signed an informed consent. The subjects were divided based on the periodontal status into periodontally healthy individuals, chronic periodontitis with PPD < 5 mm, and chronic periodontitis with PPD >5 mm. 
Exclusion Criteria
• Subjects who had undergone periodontal treatment and had taken any antibiotics in the past 6 months.
• Subjects with the history of smoking or use tobacco in any form.
• All subjects with history of known systemic diseases.
SCREENING AND EXAMINATIONS
A total of 65 patients were screened out of which 40 patients (sample size of the study) in the age group of 25 to 55 years (17 males and 23 females) were enrolled in this cross-sectional study. The following clinical parameters, such as GI, 11 gingival bleeding index, 12 PPD, and CAL were recorded. The PPD and CALs were measured using UNC-15 graduated periodontal probe.
SAMPLE COLLECTION AND STORAGE
The sampling site was isolated using cotton rolls and supragingival plaque was removed with the help of sterile cotton. The subgingival plaque was then collected using sterile Gracey curette and suspended in 50 µL of Tris-HCl buffer. These subgingival plaque samples were then immediately incubated at 50°C for 10 minutes and then stored at -20°C (Cryo Scientific) till further processing. All the plaque samples were subjected to molecular analysis which was carried out at research institute.
DEOXyRIBONUCLEIC ACID EXTRACTION AND ANALySIS
A volume of 50 µL of Tris-HCl buffer containing plaque sample was incubated at 65°C for 15 minutes.
Samples were centrifuged at 10,000 rpm for 5 minutes and supernatant was discarded. The washed cells were then suspended in 25 µL of 0.5N NaOH solution. Care was taken to prevent the formation of any air bubbles for efficient lysis of cell wall and release of DNA. The suspension was incubated at room temperature for 30 minutes. This was followed by addition of 25 µL of 1 M Tris (pH 7.5) for neutralization and the solution was mixed. Final volume was made by adding 450 µL of sterile distilled water and an even mixing was brought about by vortex mixing.
PCR for Detection of P. gingivalis (16S rDNA)
All PCR reactions were carried out in 50 µL reaction volume. The reaction mixture was prepared in a PCR tube. Primers used were 13 : P1 (Forward): 5'AAG CAG CTT GCC ATA CTG CG 3', P2 (Backward): 5'ACT GTT AGC AAC TAC CGA TGT 3'. The PCR program included an initial denaturation step at 94°C for 5 minutes, followed by 35 cycles of denaturation at 94°C for 1 minute, primer annealing at 50°C for 1 minute and extension at 72°C for 1.5 minutes, and then final extension step at 72°C for 7 minutes in Thermal Cycler. The expected 404 bp amplicon was analyzed on a 1.5% agarose gel under ultraviolet (UV) transillumination and photographic image was taken.
AGAROSE GEL ELECTROPHORESIS
The horizontal gel electrophoresis systems of standard dimensions from GIBCO-BRL were used in the experiments. The aqueous DNA samples to be loaded were mixed with this loading dye in a 5:1 ratio respectively, and subjected to agarose gel electrophoresis with a standard 1 kb ladder. For making the DNA visible, after completion of electrophoresis, the gel was stained in an aqueous solution of 0.5 mg/mL ethidium bromide. The DNA samples were visualized under UV light transilluminator. The presence or absence and the relative size of the DNA fragment were estimated based on comparison with the standard 1 kb ladder. The expected product lengths were 127 base pairs (bp) for P. gingivalis (Fig. 1) .
Statistical Analysis
The data were collected, tabulated, and analyzed by Statistical Package for the Social Sciences version 10.0 © software. Fisher's exact test was applied to test the significance of difference between the groups for the presence of P. gingivalis. Spearman's rank correlation was used to determine if a statistically significant difference existed between the clinical periodontal parameters like probing depth, LOA, and GI with the presence of P. gingivalis. If p ≤ 0.05, then it was significant.
RESULTS
The present study was carried out on 40 subjects, distributed into three groups. Group I consisted of 10 periodontally healthy controls, group II consisted of 15 chronic periodontitis patients with probing depth ≤ 5 mm, and group III consisted of 15 chronic periodontitis patients with probing depth > 5 mm. The mean age of subjects from group I was 29.4 ± 3.80 years with a range of 25 to 36 years. Patients in group II showed a mean age of 40.60 ± 5.27 years with a range of 33 to 52 years. Patients from group III exhibited a mean age of 45.66 ± 5.08 years and a range of 36 to 53 years.
The gender-wise distribution of subjects showed that in groups I and II, 40% subjects were males and 60% were females, and 46.67% males and 53.33% females in group III. There was no significant difference in genderwise distribution of subjects between the groups.
Porphyromonas gingivalis was detected in 1 (10.00%) subject from group I, 9 (60.00%) subjects from group II, and 14 (93.33%) subjects from group III. Fisher's exact test showed a significant difference between groups I, II, and III for the presence of P. gingivalis (p-value = 0.00002) ( Table 1) .
Statistically significant positive correlation was noted between probing depth, LOA and GI, and the presence of P. gingivalis (p-value = 0.0000) ( Table 2) . 
DISCUSSION
Periodontitis is a multifactorial disease that is associated with loss of the supporting tissues (i.e., periodontal ligament and alveolar bone) around the tooth. 14 It is widely accepted that the disease occurs as a result of subgingival plaque with specific bacteria, particularly Gram-negative anaerobes. 15 The use of clinical parameters in sample site selection, particularly PPD measurements, is likely to enhance the chance of detecting pathogenic bacteria. Similarly, sample site selection based on the presence of bleeding upon probing is likely to increase the chance of detecting putative pathogens. 16 Several diagnostic methods can be used to detect bacterial species that have been identified as periodontal pathogens, including P. gingivalis. These methods include bacterial culture, enzymatic assays, immunoassays, nucleic acid probes, checkerboard DNA-DNA hybridization and PCR. 17 The culture method is considered the gold standard (reference method) while determining the utility of a new microbial diagnostics in periodontics. Culture methods rely on the detection of viable organisms and require that samples are immediately processed upon acquisition in order to maximize bacterial survival. The method can presumptively identify periodontal pathogens only in conjunction with biochemical tests, such as sugar fermentation and analysis of bacterial enzymatic activities. 15 Nucleic acid-based methods, such as use of DNA probes and PCR, are quicker and more consistent than anaerobic cultivation. These are exclusively used in the microbiological diagnosis of subgingival plaque samples of patients with progressive forms of periodontitis.
The present investigation found an increase in the prevalence of P. gingivalis with an increasing PPD. Porphyromonas gingivalis is a Gram-negative oral anaerobe that is involved in the pathogenesis of periodontitis and is a member of more than 500 bacterial species that live in the oral cavity. 18 It is a black-pigmented bacterium which produces a myriad of virulence factors that causes wide destruction to periodontal tissues either directly or indirectly by modulating the host inflammatory response. 19 Klein et al 20 found the bacterium in 90% of patients with deeper pockets >5 mm and 40% of patients with shallower pockets (up to 5 mm), which is in agreement with the present study. Socransky et al 21 also compared the microflora of periodontal pockets with different pocket depths and found a higher prevalence of P. gingivalis in deep pockets than in shallow pockets. In this study, a positive correlation between detection of P. gingivalis and increasing LOA was noted. These results are in accordance with the findings of Slots, 22 and Takeuchi et al. 23 Slots, 22 while studying the association between the posttreatment periodontal disease activity and P. gingivalis, showed a strong positive association of presence of P. gingivalis with loss of periodontal attachment.
Christenson et a1 24 found that the odds ratio demon- P. gingivalis in 25% of healthy subjects. This difference in prevalence of P. gingivalis in healthy subjects may be attributed to smaller sample size of the control group in our study. The present study highlights the association of P. gingivalis with chronic periodontitis; however, more extensive studies are advocated to correlate the periodontopathogens in systemic diseases as well as to evaluate the pathogenic and nonpathogenic strains of P. gingivalis.
CONCLUSION
Porphyromonas gingivalis is strongly associated with chronic periodontitis and its detection frequency positively correlates with the severity of periodontal destruction. Further studies should be done for analysis of genomic data, which makes it possible to explore the patterns of gene expression of these bacteria and thus better define the pathogenesis of the disease. Integration of this information provides the basis for proactive approaches for prevention, diagnosis, and treatment of periodontal disease.
